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Abstract 
This research is focused on the application of immuno-fluorescence microscopy (IFM) to localize and identify proteinaceous materials in 
painting cross-sections. To find the best analytical protocol and the best fluorochrome, a comparison between two different fluorescent 
markers for the secondary antibody has been performed. An already known fluorochrome has been compared with a marker not commonly 
used to characterize painting materials. 
Parallel to IFM, staining tests by means of fluorescent selective reagents, have been performed. The study was carried out on standard and 
historical samples. Drawbacks and limits of the methods are here presented and solutions to overcome the encountered problems are 
discussed. 
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1. Introduction 
The identification and the stratigraphic localization of organic binders in cross-sections is one of the most important 
challenge for the microscopical analysis of a painting. Fluorescence microscopy offers a specific and highly-targeted 
analytical tool for recognition and mapping of different organic binders in complex matrix. Furthermore, when observing 
samples with an UV excitation light, different binders may exhibit characteristic colors and fluorescence intensities, which can 
provide information about their spatial distribution within the painting layers. However, the fluorescence images indicate the 
 allow an unambiguous identification.  
The present research aimed at the development of an analytical protocol to map the induced fluorescence emission from a 
pictorial sample in cross-section by means of immuno-fluorescence assay and staining tests. 
Immunological test represents one of the most powerful analytical techniques in proteomics for the determination of 
organic substances, especially proteins, thanks to the high selectivity of the antigen-antibody reaction and of the fluorescent 
complex, which allows to distinguish between different proteins [1, 2]. Such assays are extensively employed, particularly in 
bioanalytical and clinical chemistry, and in the last decades, they were introduced into the science for conservation field [1, 3]. 
The principle of IFM is based on the specific interaction between an antigen (the protein in the sample) and its corresponding 
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antibody (immunoglobulin protein). In order to detect the presence of the antigen, a secondary fluorophore-labeled antibody is 
also used. After the formation of a complex between the antigen and the appropriate primary antibody, the secondary 
antibody, coupled with a fluorescence marker, is able to recognize a specific fragment of the first one. The marker, by external 
excitation, emits fluorescence in the visible or near infrared electromagnetic region. Indeed, the acquisition of immuno-
fluorescence images of the sample after the test by means of a fluorescence microscope allows identifying and localizing the 
target antigen [4, 5]. In this research, beside one of the most common fluorochrome used for IFM (FITC, fluorescein 
isothiocyanate), a different product containing fluorophore groups, the amine-reactive dye DyLight488 (N-hydroxysuccinimide 
(NHS) ester-activated) was applied in alternative to the traditional covalent dye. The staining tests are also an useful tools to 
recognize binding media in painting cross-sections [3, 6]. The technique is mainly based on the use of dyes able to form 
colored compounds with organic materials, such as proteins, polysaccharides, resins and oils [7-9]. When applied to painting 
cross-sections, the accuracy of the staining tests for the mapping of organic binders depends on the selectivity of the dye used 
identification is based on the interaction with specific functional groups (such as carbonyl, carboxyl, hydroxyl etc.) and/or on 
the characterization of specific properties of chemical functions of these materials: redox, acid-base or metachromatic 
properties [1, 2, 7, 8]. The detection limit of the methods varies significantly, but ranges generally within a few micrograms 
and nanograms of the unknown compound. Sypro Ruby® [1, 2, 10-14] is a non-covalent stain used in 2-D and 3-D gels for 
electrophoresis and it is an alternative to traditional staining tests for mapping protein-based binders in cross-sections [14]. 
The fluorescent signal of the staining can be easily observed and registered using an optical fluorescence microscope or a 
confocal laser scanning microscope (CLSM). The fluorescent protein stain has several advantages [1, 2] such as a lower 
detection limit than other protein stains, a very high selectivity and a straightforward staining procedure (fixation, incubation, 
no washing). BODIPY® dyes [10, 11] are instead generally used as stains for peptides, phosphoproteins, neutral lipids and as 
markers for oils and other non-polar liquids. This dye group is characterized by the combination of non-polar structure and by 
a long-wavelength absorption and fluorescence emission. In this research it has been applied to map lipids in painting layer. 
2. Materials and methods 
2.1. Sample preparation 
A comprehensive set of laboratory models to reproduce easel paintings was prepared following mostly the recipes reported 
in  by Cennino Cennini and reported previously [15]. Wooden boards were coated with different sequence 
layers made up with different binding media selected similar to those documented in traditional painting techniques. Cross-
sections were prepared embedding micro-fragments, sampled from reference mock-ups, in epoxy resin (Epofix® Struers) and 
dry polished with silica abrasive papers (grit from p120 to p1200*). A minimum of two cross-sections for immunological tests 
was obtained from each reference sample. From the fragments sampled from an original painting, just one cross-section was 
prepared. 
*FEPA grit designation  Federation of European Producers of Abrasives. 
2.2. Reagents 
 For the immuno-fluorescent assays we used the primary and secondary antibodies listed in table 1. 
Table 1. Primary and secondary antibodies, the used dilution and the binders.  
1aryAb Dilution 2aryAb Dilution Binder 
Monoclonal Anti-Chicken egg 
albumin IgY, 15mM in Sodium 
Azide1 
1:500 
Anti-Mouse IgG in Goat polyclonal Dylight488,  
0.5 mg/ml in Sodium Azide 
1:100 
Egg 
white Anti- -chain specific) -FITC,  
15 mM in Sodium Azide 
1:64 
Anti-bovine casein, 1 mg/ml in 
Sodium Azide2 1:100 
Anti-Rabbit IgG in Goat polyclonal Dylight488,  
0.5 mg/ml in Sodium Azide 
1:100 
Casein 
Anti- -  1:80 
Fish Collagen Type I Lyophilized3 1:100 
Anti-Rabbit IgG in Goat polyclonal Dylight488,  
0.5 mg/ml in Sodium Azide 
1:100 
Fish glue 
Anti- -chain specific) -FITC,  
15 mM in Sodium Azide 
1:80 
1Sigma Aldrich, 2Gentaur, 3ABIN, 4Abcam. 
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A phosphate-buffered saline solution (PBS - Sigma Aldrich) was used to dilute antibodies and to wash cross-sections 
according to the followed protocol. 
Sypro Ruby® (Bio-Rad) and BODIPY® (Life Technologies) were used as fluorescent stain for proteins and lipids, 
respectively. 
2.3. IFM and staining protocols 
According to the literature [16, 17], the IFM analytical protocol was optimized comparing different conditions for antibody 
dilution, incubation time and temperature. The adopted IFM protocol can be summarized like this: 
 Incubation of cross-section in PBS diluted 1aryAb at 37°C for 1h; 
  
 Addition and incubation of cross-section in PBS diluted 2aryAb at 37°C for 1h; 
 r. 
 Observation under optical microscope covering the surface of the cross-section with a drop of white spirit and a glass slide. 
 
The protocol used for the staining test with Sypro Ruby® and BODIPY® is the following:  
 Cover the cross-section of the sample l of dye) and wait 10-15 minutes;  
 Remove the sta  
 Observation under optical microscope covering the surface of the cross-section with a drop of white spirit and a glass slide. 
2.4. Instrumentation 
Optical images before and after immuno-fluorescent and fluorescent staining tests were collected at different 
magnifications, using a fluorescence imaging Zeiss Axioplan microscope, equipped with a tungsten lamp and a set of filters 
appropriate for display the response of fluorescence emission (green emission: excitation filter BP - 450-490 nm, beam splitter 
FT  510 nm, emission filter LP - 515 nm; blue emission: excitation filter  BP  365 nm, beam splitter  FT  395 nm,  
emission filter  LP  420 nm). 
3. Results and discussion 
In figure 1, the image in visible light of an untreated reference cross-section is reported. The sample is composed by a 
ground layer made with a mixture of gypsum and fish glue (PR2).  
 
 
 
 
Fig. 1. Cross-section of a reference sample (PR2) with a ground layer prepared with a mixture of gypsum and fish glue. 
Prior to cross-section analysis by means of immuno-fluorescence microscopy, sample was monitored for auto-fluorescence 
under the same instrumental conditions adopted for the assay. In figure 2 are reported the results of the IFM assay performed 
to identify fish glue in standard cross-sections obtained from the same reference mock-up sample. Prior the assays, the layers 
2_B c). For this assay, an anti-fish collagen 
Type I antibody produced in rabbit, was used as primary antibody and anti-rabbit IgG secondary antibodies, labeled with 
FITC and Dylight488 respectively. Images acquired before and after the test are shown and compared. The use of the same 
secondary antibody conjugated with two different fluorophores allowed the evaluation and comparison of their performances 
in terms of sensitivity and specificity. In the images acquired after the test, the reaction between the primary antibody and 
both the secondary labeled antibodies is evident (PR2_A b, PR2_B d). In fact, a significant increase in the fluorescence 
emission, due to the formation of fluorescent complexes, is noticeable, confirming the positivity of the tests.  
By comparing the fluorescence images, it is possible to observe how the secondary antibody conjugated with the Dylight488 
(PR2_B b) produced a more intense fluorescence emission than the one induced by means of the FITC (PR2_A d). 
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Fig. 2. Results obtained on reference cross-sections before (Control) and after the assays performed to map the fish glue with FITC (PR2_A) and DyLight488 
(PR2_B) labeled secondary antibodies. All the images were acquired with the same instrumental conditions and using the same filter and magnification.  
An IFM assay was performed in order to identify and map the ovalbumin within a standard cross-section made up with a 
gypsum/rabbit glue ground layer and egg tempera/green earth pictorial layer (Figure 3). A primary monoclonal antibody anti-
chicken egg albumin and an anti-mouse secondary antibody, labeled with DyLight488 were tested for the detection of albumen. 
 
 
Fig. 3. Cross-section of the reference sample (VE1) in visible reflected light. 
Results of the IFM test for ovalbumin are shown in figure 4 a and b.  
The observation of the test with Dylight488 as 2ary , allows us to localize in the painting layer, the positive 
sites where the reaction took place; otherwise, an increase of the emission is visible in correspondence of the ground layer too 
and this result cannot be considered as a positive test response.  
The most important drawback of the IFM in fact, is the regular presence of a background unspecific staining, which can make 
the interpretation of the data acquired on the sample ambiguous. Non specific bright-green fluorescence arises mainly from 
the porous ground layer. The increase in background fluorescence intensity after the test is related to the non specific 
adsorption of the secondary antibody labeled with Dylight488 on the porosity of the inorganic substrates and these phenomena 
represent the main source of noise in fluorescence microscopy [16]. Keeping constant the instrumental conditions could help 
to avoid incorrect evaluations.  
 
 
 
a) b) 
Fig. 4. Cross-sections of the reference sample VE1 before (a) and after (b) the assay to localize the ovalbumin. 
In figure 5 the application of the Sypro Ruby® stain on a reference sample composed of two proteinaceous layers is 
reported. Both ground and pictorial layer containing the protein (rabbit glue in the ground and egg tempera in the pictorial 
layer), are stained with a bright orange color. 
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a) b) c) 
Fig. 5. Reference sample made by a pictorial layer with yellow ochre mixed with egg yolk on a ground layer made of gypsum and rabbit glue: a) green light 
emission image before the stain; b) green light emission image after the stain; c) green light emission image after the stain. 
In figure 6 a preliminary test, done to visualize the BODIPY® stain for oily-based layers of paint, is reported. A reference 
cross-section of a sample made up with a ground layer of gypsum/rabbit glue and a painting layer with yellow ochre/linseed 
oil is shown.  
 
a) b) 
Fig. 6. Reference sample made by a pictorial layer with yellow ochre mixed with linseed oil on a ground layer made of gypsum and rabbit glue: a) UV light 
illumination before the stain; b) UV light illumination after the stain. 
Is possible to note how the pictorial layer, maintaining constant the instrumental conditions, shows a different (bright green 
instead of dark green-yellow) color simultaneously with an increase of fluorescence emission, confirming the presence of a 
lipid binder. Considering that the bright green answer of fluorescence from the BODIPY® staining test is the expected color 
for positive staining, according to literature from biochemical applications [1], we can consider that the test for oil detection is 
positive. 
An experimental protocol using BODIPY® and Sypro Ruby® on the same sample was performed: the images acquired on 
the cross-section, before and after the staining with the two fluorescent stains, are shown in figure 7. 
 
a) b) c) 
 
(d) (e) (f) (g) 
Fig. 7. Reference sample made by a pictorial layer with yellow ochre mixed with linseed oil on a ground layer made of gypsum and rabbit glue: a) visible 
light illumination before the stain; b) UV light image before the stain; c) green light emission image before the stain; d) UV light image after the lipid stain 
with BODIPY®; e) green light emission image after the lipid stain with BODIPY®; f) green light emission image after the protein stain with Sypro Ruby® 
following the BODIPY® stain; g) green light emission image after the protein stain with Sypro Ruby® following the BODIPY® stain at higher magnification. 
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The assay to map lipid binder by means of BODIPY® is visible in the figure 7d; a general increase of fluorescence 
emission and change in the fluorescence color of painting layer is visible. After the stain for proteins (fig. 7f, g) is clearly 
remarkable how the second stain is strictly localized in the bottom layer, confirming the presence of a proteinaceous material 
(rabbit glue) in the ground layer. 
Following the protocols adopted on reference paint cross-section, we decided to apply the IFM assay and the staining test 
with Sypro Ruby®, on Holy Virgin with Child
attributed to Pietro Lorenzetti (14th century), and subjected to modifications around the half of the 16th century. The painting 
was previously studied by several complementary techniques in order to characterize the original materials and those present 
in repainted area. Samples were studied by optical microscopy (OM), environmental scanning electron microscopy (ESEM), 
Time of flight secondary ion mass spectrometry (ToF-SIMS) and gas chromatography coupled with mass spectrometry (GC-
MS) in order to assess their stratigraphic morphology and to characterize the chemical nature of paint components before 
immunochemical analysis [18].  
 
 
Fig.8. Historical sample  cross-section with the assignment of the different layers observed under visible light. 
The stratigraphic structure of the sample analyzed (figure 8) is the following: 
 Layer 1  White ground layer; 
 Layer 2  Orange bole preparatory layer for the golden leaf; 
 Layer 3  Golden leaf; 
 Layer 4  Organic layer (probably wax); 
 Layer 5  Cinnabar repainted pictorial layer; 
 Layer 6  Organic layer (probably varnish). 
 
Prior to the IFM analysis, a staining test for protein has been performed using Sypro Ruby® (fig. 9). 
 
a) b) 
Fig. 9. Image of the historical sample  cross-section before (a) and after the staining test for proteins with Sypro Ruby® (b). 
The stain produces a positive response in both the ground and pictorial layers, which acquired a bright orange coloration, 
confirming the presence of proteinaceous materials. After the stain and a polishing operation, the sample was submitted to the 
IFM protocol for the identification of casein. The target protein was selected on the basis of previous analysis performed on 
the same sample. In fact, GC-MS and ToF-SIMS investigations provided information on the possible presence of casein as 
binder in the retouched paint layer [18]. First, to exclude the presence of ovalbumin (related to the use of egg tempera) an 
assay with the monoclonal anti-chicken egg albumin primary antibody and anti-mouse IgG as secondary antibody labeled 
with DyLight488 was performed. No increase in fluorescence emission was observed, confirming the results obtained with 
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previous analysis. Thus, a further IFM assay for the detection of casein on the reddish paint layer (using anti-bovine casein as 
primary antibody and anti-Rabbit IgG-DyLight488 as secondary) was performed, and the results are reported in figure 10.
Before IFM After IFM
Fig. 10 -section. The assay was carried out to verify the presence of casein.
The images acquired before and after the essay are compared. All the images were acquired using the same filter for green emission of fluorescence and the 
same instrumental conditions.
Even if, on the green emission images, all the painting layers show a peculiar fluorescence emission due to the presence of 
organic binders, it is worth remaking that these emissions do not show any increment in images acquired after the IFM test, 
with exception of the pictorial layer. In fact, such layer, under higher magnification, showed a significant increase in the
fluorescence signal, confirming the use of casein as binder for the retouched areas, as already evidenced by previous
investigations.
4. Conclusion
This work presents the first results on the development of a complementary methodology for the identification of binders in 
painting cross-sections using IFM and fluorescent staining tests. The IFM analytical protocol presented here has been tested
on laboratory mock ups of easel paintings. A commonly used marker for the secondary antibody (FITC) was used and 
alternatively, a new fluorophores (Dylight488), characterized by a high fluorescence yield and resistance in bleaching
phenomena, was applied as new marker. Its performances on the stratigraphic detection of proteins were investigated,
comparing the results with the standard fluorophore. An appreciable increase in the specific fluorescence emission was noted,
although, a significant fluorescence response from the paint matrix was still present.
Fluorescent staining tests have also been investigated, with promising results for the identification of proteinaceous and 
lipid binders in paint cross-sections.
The results obtained in this work clearly demonstrate that these techniques have the potential to become a fundamental 
analytical tool in conservation science. However, the procedure needs to be further improved, developing protocols that 
suppress nonspecific fluorescence, and the optimization of the instrumental configuration for fluorescence detection is 
required. The sensitivity of IFM in the case of aged binding media must also to be better evaluated and tests with other stains
and labeling fluorophores could be further conducting on the same cross-section for simultaneous identification and mapping
of different organic materials.
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